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1. Summary 

Anomalous behavior  has been found dur ing  a s t u d y  

of t he  Apollo e n t r y  guidance system a t  l u n a r  r e t u r n  v e l o c i t i e s .  

T h i s  r e s u l t s  i n  t h e  c r e a t i o n  of "holes"  i n  t h e  e n t r y  c o r r i d o r :  

that  i s ,  va lues  of v a r i a b l e s  ( such  as f l i g h t  p a t h  ang le )  

w i th in  the  c o r r i d o r  boundaries f o r  which a l a r g e  m i s s  occu r s .  

One such ho le  i s  n e a r  t h e  AS-501 nominal e n t r y  c o n d i t i o n s .  

The extreme s e n s i t i v i t y  t o  very small changes i n  many v a r i a b l e s ,  

and t h e  consequent sharpness  o f  t he  ho le s ,  does no t  a l low 

0 

confidence i n  t he  ope ra t ion  of t h e  guidance program. 

Holes are  caused by c ross range  c o n t r o l  i n t e r f e r i n g  

w i t h  downrange c o n t r o l  when the range i s  s u f f i c i e n t l y  long t o  

r e q u i r e  a b a l l i s t i c  s k i p .  It i s  recommended t h a t  the  guidance 

equa t ions  be redesigned t o  allow f o r  t h i s  i n t e r a c t i o n .  Shor t  

of a redes ign ,  the  i n t e r a c t i o n  may be reduced by widening the  

l a t e ra l  deadband. T h i s  w i l l  probably e r a d i c a t e  the ho le s  i f  

t he  widening is  s u f f i c i e n t ;  b u t ,  w i t h  s o  complicated a prpgram, 

a s p e c i f i c  change cannot be recommended u n t i l  i t s  e f f e c t s  f o r  

a l l  e n t r y  cond i t ions  i n  t h e  c o r r i d o r  are c a r e f u l l y  examined. 

0 T h i s  s tudy  was performed by t h e  Control  Systems 

Analysis  Department on behalf of Bellcomm, Inc .  

I 
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2 .  Exis tence  of Holes 

Severa l  h o l e s  were encountered dur ing  a determina- 

0 t i o n  of t h e  e n t r y  c o r r i d o r  ( f l i g h t  p a t h  ang le  v e r s u s  v e l o c i t y ) .  

Two of t h e s e  h o l e s  a r e  d iscussed  i n  t h i s  r e p o r t :  

1. The f i r s t  was found f o r  a range, R, of 2500 

mi les ,  L/D of 0.34, e n t r y  v e l o c i t y ,  V, of 

36,133 f t . / s e c . ,  and e n t r y  f l i g h t  p a t h  angle ,  

y ,  of -7.0".  For t h i s  combination of va lues ,  

t h e  s p a c e c r a f t  undershot t h e  t a r g e t  by some 

200 mi les .  

2 .  For the  same range R = 2500 mi les ,  bu t  L/D = 

0.38, V = 36,333, 7 = -7.13, t h e r e  i s  an over- 

. shoot  of about 200 mi l e s .  

The second combination i s  p a r t i c u l a r l y  important  

as i t  r e p r e s e n t s  t he  nominal e n t r y  c o n d i t i o n s  f o r  AS-501. 

Also, because of the i n e f f e c t i v e n e s s  of t h e  GLIMITER 

i n  t h e  f i n a l  phase, i t  was found tha t  a t r a j e c t o r y  w h i c h '  

overshoots  has a m a x i m u m  load f a c t o r  g r e a t e r  t han  the s p e c i f i e d  

l o g .  Values of about l 3g  are u s u a l  f o r  t h e  AS-501 hole ,  f o r  

example. 0 
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3. Characteristics of Holes 

Holes have two s t r i k i n g  characteristics: 

sharpness and small size. Sharpness means that as a 

variable (such as flight path angle) moves across a hole 

boundary, the miss changes suddenly from a small value 

(say less than 2 miles) to a large value (say 200 miles). 

This step-function change is due to a switch between 

different paths in the guidance program. 

0 

0 
By smallness of size we mean that for at least 

one variable (flight path angle), the hole occurs for only 

a small range of values; 0.03" is the greatest width in 

flight path angle we have found. Sharpness and smallness 

are illustrated by the following typical table of flight 

path angle and miss across the AS-501 hole. All 

other variables were held constant for these trajectories: 

y ,  degrees 

-7.12 

-7 9 13 

-7.14 

-7'. 15 

-7.16 

-7 17 

Miss, n.m. 

0.8 

193 9 5 
281.4 

374 4 
489.4 

0.3 

I 
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This  smal lness  means t h a t  a very  d e t a i l e d  search 

would be needed t o  f i n d  a l l  h o l e s  p r e s e n t ;  and smal lness  

e x i s t s  i n  o t h e r  v a r i a b l e s  than f l i g h t  p a t h  a n g l e .  For  

example, t h e  width of  the AS-501 ho le  i n  i n i t i a l  f l i g h t  

p a t h  azimuth i s  on ly  about 0.5". 

t o  which the  ho le  shape i s  s e n s i t i v e .  Examples are i n i t i a l  

v e l o c i t y ,  t a r g e t  p o s i t  ion ,  veh ic l e  c h a r a c t e r i s t i c s ,  atmosphere 

model, and v a r i o u s  guidance cons t an t s .  V a r i a t i o n  i n  any of 

t h e s e  w i l l  cause t h e  h o l e ' s  l o c a t i o n  i n ,  say,  f l i g h t  p a t h  

0 
There are many v a r i a b l e s  

a 

angle ,  t o  change. Some changes move t h e  ho le  s l i g h t l y  away 

from the  AS-501 nominal y of -7.13". However, t he  e x i s t e n c e  

of  h o l e s  a t  a l l  i s  undes i rab le ,  so i t  i s  necessa ry  t o  under- 

s t a n d  and remove them. A s h o r t  exp lana t ion  of t h e  c o n t r i b u t i n g  

f a c t o r s  i n  t he  guidance i s  needed f i r s t .  

4 .  Guidance System Backpround . .  

The e n t r y  guidance program has t o  c o n t r o l  down- 

range and crossrange  w i t h  a s i n g l e  c o n t r o l  v a r i a b l e ,  roll' 

ang le .  To do t h i s ,  downrange guidance i s  g iven  precedence 

and cross range  i s  c o n t r o l l e d  by a simple swi tch ing  scheme. 

Never the less ,  'the c ross range  guidance does i n t e r f e r e  w i t h  

t h e  downrange, f o r  dur ing  a roll r e v e r s a l  t h e  v e r t i c a l  

a 
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component of the  l i f t  v e c t o r  i s  not  what t h e  downrange 

guidance r e q u i r e s .  It i s  t h i s  i n t e r a c t i o n  which causes  

t h e  h o l e s .  The downrange guidance, i f  l e f t  a lone ,  could 

have done i t s  job  p r o p e r l y  f o r  t he  two h o l e s  cons ide red .  

T h i s  has been tes ted  by  prevent ing r o l l  r e v e r s a l s  dur ing  

f irst  e n t r y  of ho le  t r a j e c t o r i e s  (ones with l a r g e  down- 

range misses).  A s m a l l  downrange m i s s  r e s u l t e d ,  b u t  

there  was a l a r g e  c ross range  m i s s .  

0 

0 
Since c ross range  c o n t r o l  cannot be abandoned, 

t h e  i n t e r a c t i o n  t h a t  causes  ho le s  must be examined more 

c l o s e l y .  F igure  1, s i m p l i f i e d  f rom r e f e r e n c e  1, shows t h e  

f e a t u r e s  o f  t h e  guidance program i n  t h e  e x i t  s t e e r i n g  phase 

(UPCONTROL) t h a t  concern u s .  Depending on t h e  v a l u e s  of 

v e l o c i t y  V and drag D, t h e  LID command t o  t h e  l a t e r a l  l o g i c  

i s  computed i n  one of t h r e e  d i f f e r e n t  ways. 

I f  V i s  g r e a t e r  than t h e  p r e v i o u s l y  p r e d i c t e d  

p u l l o u t  ve l -oc i ty  V1, L I D  is found by t h e  p u l l o u t  guidance. 

equat ion ,  based on a r e fe rence  t r a j e c t o r y  w i t h  r e f e r e n c e  

L/D f u l l  l i f t  up (LAD). This L/D may be modif ied by t h e  

NEGTEST block, which p reven t s  l i f t  down* i f  D > 175 f t . / sec . ' ;  

n e a r  t h e  two holes ,  t h e r e  i s  no mod i f i ca t ion ,  as down l i f t  i s  

never  c a l l e d  f o r  by t h e  p u l l o u t  guidance.  

0 

I f  V i  VI, and D i s  g r e a t e r  than  the  p r e d i c t e d  

0 p u l l o u t  a c c e l e r a t i o n  Ao, f u l l  up l i f t  (LAD) i s  commanded. 

*This a l s o  p reven t s  roll r e v e r s a l s  through the  downward v e r t i c a l .  
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I f  D 5 Ao, an LID i s  f i r s t  found from t h e  e x i t  guidance 

equat ion ,  based on a r e fe rence  t r a j e c t o r y  w i t h  an L/D of 

LEWD (0 .2  i n  ou r  c a s e s ) .  

clamp, a l i m i t e r  which reduces t h e  L/D excur s ion  f o r  devia-  

t i o n s  of more than  0 . 1  from t he  nominal;  and then  modif ied 

f u r t h e r  by NEGTEST. 

0 T h i s  L/D i s  then  modified by t h e  

The f i n a l  L/D command p a s s e s  i n  a l l  cases  t o  t h e  

l a t e r a l  l o g i c  block.  The ope ra t ion  of t h i s  i s  s t r a i g h t f o r w a r d .  

However, i t  i s  no t  c l e a r  e x a c t l y  how t h e  a u t o p i l o t  execu te s  a 

r o l l  change when supp l i ed  with a commanded roll ang le  'pc by t h e  

l a t e r a l  l o g i c .  We have s imulated two simple schemes t h a t  

a 

might be  used .  

r a t e .  In-  t h e  f i rs t ,  t h e  l i f t  v e c t o r  i s  r o l l e d  i n  t h e  d i r e c -  

t i o n  f o r  which t h e  ang le  between commanded and a c t u a l  v e c t o r  

i s  l e s s  than  180"; we s h a l l  c a l l  t h i s  t h e  (180" scheme. I n  

t h e  second, t h e  roll r a t e  and d i r e c t i o n  are found simply by 

s u b t r a c t i n g  t h e  a c t u a l  roll ang le  from t h e  roll command of 

t h e  l a te ra l  l o g i c ,  d i v i d i n g  by t h e  guidance i n t e r v a l ,  and 

l i m i t i n g .  

f o r  a roll r e v e r s a l  t h i s  scheme would cause  a roll through t h e  

upward or downward v e r t i c a l  accord ing  as t h e  commanded l i f t  

v e c t o r  was up o r  down, r e g a r d l e s s  o f  the va lue  o f  t h e  a c t u a l  

Ne i the r  takes  account  o f  t h e  p r e s e n t  roll 

Due t o  manipulat ion o f  t h e  r o l e  command by KlROLL, a 
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r o l l  angle  c p .  

For  both  schemes t h e r e  a r e  s i n g u l a r  p a i r s  o f  v a l u e s  of cp 

and cp f o r  which a r o l l  r e v e r s a l  could  take p l a c e  e i t h e r  

ove r  or under .  For t h e  (180" scheme, any p a i r  of v a l u e s  of 

cp and cp, 180" a p a r t  i s  s i n g u l a r .  

scheme, t h e  on ly  s i n g u l a r  c o n d i t i o n  i s  when cp, i s  h o r i -  

We s h a l l  c a l l  t h i s  t h e  up i f  'p, up scheme. 

C' 

For  t h e  up i f  'p, up 

z o n t a l  (90" or 2 7 0 " ) .  Thus, s i n g u l a r i t y  problems a r e  l ess  

l i k e l y  w i t h  t h i s  scheme. I t s  d isadvantage  i s  t h a t  a r e v e r s a l  
0 

could  take  up t o  270" of  r o l l i n g .  Roll s i n g u l a r i t y  i s  un- 

d e s i r a b l e  as i t  r e p r e s e n t s  a p o s s i b l e  d i v i s i o n  of l o g i c a l  

p a t h s ,  and s o  i s  capable  o f  producing a h o l e .  

The opin ion  of t h e  Reentry S t u d i e s  Sec t ion ,  MSC, i s  

t ha t  t h e  < 180" scheme i s  t h e  one used.  We have s imula ted  

both .  I n  o u r  s imula t ion ,  we assume i n f i n i t e  roll a c c e l e r a -  

t i o n ,  bu t  l i m i t  r o l l  ra te  t o  15O/sec. 



5. Causes of Holes 

L e t  u s  now look  a t  a t y p i c a l  t r a j e c t o r y  i n  t h e  

neighborhood of t h e  h o l e s .  T r a j e c t o r i e s  for the  two h o l e s  

are  q u i t e  similar, a l l  having t h e  fo l lowing  s t r u c t u r e :  
a 

UPCONTROL phase s t a r t s  about 70 seconds a f t e r  

e n t r y ,  w i t h ,  f i r s t ,  f o u r  guidance c y c l e s  i n  p u l l o u t  guidance.  

Themxt  guidance c y c l e  i s  e i t h e r  s t i l l  i n  p u l l o u t  guidance, 

or, V having f a l l e n  below V1, i s  a cyc le  of f u l l  up l i f t .  

E x i t  guidance i s  then  en te red ,  w i t h  NEGTEST o p e r a t i n g  for 

a 
i t s  f i r s t  f i v e  c y c l e s .  The drag then  f a l l s  below 175 f t . / s e c .  2 

and l i f t  down i s  al lowed.  A t  some time n e a r  t he  end of 

NEGTEST's ope ra t ion ,  e i t h e r  before  or a f t e r ,  a roll r e v e r s a l  

i s  commanded. S ince  t h i s  r e v e r s a l  may go e i t h e r  way, t h e  

v a r i o u s  t r a j e c t o r i e s  are no longer  similar a f t e r  t h i s  p o i n t .  

It i s  w o r t h  n o t i n g  tha t  t h i s  t r a j e c t o r y  behav io r  

i s  n o t  what one would expect  from a s imple i n t e r p r e t a t i o n  

of  the  UPCONTROL s t r a t e g y .  The t r a j e c t o r y  type i s  one f o r  

which it was p r e d i c t e d  i n  t r a j e c t o r y  p lanning  (RANGE PREDICTION) 

tha t  t h e  nominal L/D p r o f i l e  would cause an  undershoot .  By 

i n c r e a s i n g  t h e  p u l l o u t  v e l o c i t y  V1, t h e  e x i t  r e f e r e n c e  t r a j e c -  

t o r y  was then  a l t e r e d  t o  one which would h i t .  If t h e  p red ic -  

t i o n  of p u l l o u t  v e l o c i t y  V1 and a c c e l e r a t i o n  A. were a c c u r a t e ,  

a 

and t h e  p u l l o u t  guidance e f f e c t i v e ,  t h e  v e l o c i t y  would equa l  
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V1 be fo re  p u l l o u t ,  and before  t h e  a c c e l e r a t i o n  decreased  

t o  Ao. 

b e f o r e  o r  a f t e r  drag e q u a l s  Ao, depending on the  t r a j e c t o r y .  

I n  f a c t ,  V e q u a l s  Vl a f t e r  pul. lout,  and e i t h e r  

0 
F u r t h e r ,  a f t e r  VI had been a t t a i n e d ,  we would expec t  t ha t  LID 

would be g r e a t e r  t han  nominal (0 .2) ;  f o r  o u r  p r e d i c t i o n  said 

t h a t  a nominal t r a j e c t o r y  would f a l l  s h o r t .  

i s  a c t u a l l y  nega t ive  f o r  s e v e r a l  c y c l e s  a f t e r  t h e  beginning 

of  e x i t  guidance.  

expec t  could be due t o  i n a c c u r a t e  p r e d i c t i o n s ,  or t o  u n s u i t a b l e  

However, L/D 

These d i f f e r e n c e s  from what w e  should 

guidance equa t ions .  

We have d e s c r i b e d  common elements  of t h e  t r a j e c t o r i e s .  

It i s  t h e  p o i n t s  i n  which they d i f f e r  which determine whether 

t h e  t r a j e c t o r y  misses  or n o t .  The c r i t i c a l  p o i n t s  of d i f f e r -  

ence are f o u r :  

1. LAD or p u l l o u t  guidance can be used f o r  t h e  

f i f t h  c y c l e  of UPCONTROL phase.  

2. R o l l  r e v e r s a l  can be commanded be fo re  or a f t e r  

t h e  end of NEGTEST. 

3. The guidance can come o u t  of NEGTEST command- 

ing  e i t h e r  l i f t  up or l i f t  down. 

<180 or up i f  'p, up a u t o p i l o t  l o g i c  can be used.  4.  

(1) can cause q u i t e  a d i f f e r e n c e  i n  l i f t  p r o f i l e ,  and so i n  

t h e  subsequent t r a j e c t o r y ,  even though t h e  e f f e c t  p e r s i s t s  



- 10 - 

only over one cycle.* ( 2 ) ,  (3) ,  and (4) determine whether 
the r o l l  reversal goes through the upward or downward verti- 

cal. The effect of different combinations is shown in 

Figure 2; assuming that, if the reversal is after NEGTEST, 

it is commanded on the first cycle after, as usually happens. 

0 

A good way to study the irregular behavior near 

holes is to compare roll histories f o r  trajectories which 

follow the different possible logical paths. This is done 

f o r  the undershoot hole in Table 1. The two r o l l  histories 

are for trajectories with V = 36133, L/D = 0.34, R = 2500, 

and y = -7.0 and -7.005. The first trajectory undershoots 

by 179 miles; the second hits. The periods of r o l l  during 

which the r o l l  angle 'p does n o t  equal the commanded r o l l  

a 

angle 'p, of the previous cycle  are shown by the brackets. 

Both trajectories show the typical behavior to 92 seconds, 

the last cycle of NEGTEST. One cycle of lift down is then 

commanded (q, = 93"), and thereafter lift up. 

that missed actually had reversal commanded during this lift 

up (at 96 seconds), but it was using a <180° autopilot which 

resulted in a downward r o l l .  A downward roll would have 

resulted from either autopilot, however, had reversal been 

commanded a cycle earlier. 

The trajectory 

a 

* To demonstrate this sensitivity, a simplified two-dimensional 
simulation was made of an open-loop trajectory flown with 
L/D = 0.38 to pullout and 0.2 to exit. If, at pullout, the 
L/D was changed to -0.38 for one guidance cycle (2 seconds), 
the subsequent range changed by 800 miles. 

0 
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R o l l  r e v e r s a l  i s  t h e  on ly  obvious reason why 

t h e s e  t r a j e c t o r i e s  undershoot .  I n  Table 2, though, t h e r e  

i s  a n o t h e r  i d e n t i f i a b l e  d i s t u r b i n g  f a c t o r :  t h e  s i n g l e  c y c l e  

o f  f u l l  up l i f t  when v < V1 b u t  D > Ao. Table 2 shows roll 

h i s t o r i e s  f o r  t h r e e  neighboring t r a j e c t o r i e s  about t h e  AS-501 

0 

ho le .  A s  i n  Table 1, t h e  p e r i o d s  dur ing  which cp does n o t  

equal  'pc o f  t h e  previous cyc le  a r e  shown by b r a c k e t s .  

The f i r s t  t r a j e c t o r y  overshoots  by 350 miles .  It 
a 

i s  b i a sed  i n  t h e  overshoot  d i r e c t i o n  by t h e  cyc le  of  f u l l  up 

l i f t  a t  79 seconds,  and then has a roll r e v e r s a l  commanded 

i n  NEGTEST, which thus  has t o  b e  upwards. The second t r a j e c -  

t o r y  i s  i d e n t i c a l  t o  t h e  f i rs t ,  except  t h a t  t h e  roll r e v e r s a l  

i s  de layed  one cyc le  by s l i g h t l y  widening t h e  l a t e r a l  dead- 

band (KLAT was inc reased  from 0.0125 t o  0.0135). Since  l i f t  

down i s  commanded for t h a t  cyc le ,  t h e  roll reversa l  i s  down- 

ward and t h e  t r a j e c t o r y  h i t s ,  T h i s  i s  t h e  behavior  shown by 

t h e  TRW o p e r a t i o n a l  t r a j e c t o r y , *  which i s  very  c l o s e  t o  ou r  

t r a j e c t o r y  u n t i l  roll r e v e r s a l .  

The t h i r d  t r a j e c t o r y  has t h e  same l a t e r a l  deadband 

as t h e  f i r s t ,  but  t h e  CM drag c o e f f i c i e n t  has been decreased  

1%. T h i s  removes t h e  cyc le  of LAD, s o  t ha t ,  a l though t h e  roll 

r e v e r s a l  i s  i n  NEGTEST and upward, t h e  t r a j e c t o r y  h i t s .  Ro l l  

a 

r e v e r s a l  i s  commanded e a r l i e r  f o r  t h i s  t r a j e c t o r y  as t h e  
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absence of t h e  LAD cyc le  leaves more l i f t  t o  t h e  s ide,  s o  

that  t h e  l a t e r a l  deadband i s  exceeded sooner .  

I f  we examine t h e  l a t e r  t imes i n  Table 2, we s e e  

that t h e  e x i t  guidance equat ion t r i e s  t o  compensate f o r  t h e  

d i s t u r b a n c e  o f  t h e  r o l l  r e v e r s a l .  For t r a j e c t o r y  2 i t  commands 

f u l l  up l i f t ,  and f o r  t r a j e c t o r y  3 t r i e s  t o  command l i f t  down. 

However, t h i s  down l i f t  i s  s e v e r e l y  l i m i t e d  by t h e  clamp. 

T r a j e c t o r y  3 s t i l l  h i t s ,  bu t  f o r  t r a j e c t o r y  1, t h i s  same 

l i m i t i n g  i s  f a t a l .  The l o s s  of d rag  and t h e  g a i n  r e d u c t i o n  

i n  t h e  guidance equat ion  toward e x i t  f u r t h e r  reduce c o n t r o l  

e f f e c t i v e n e s s .  

Thus, we have t h e  complete p a t t e r n  o f  i n t e r a c t i o n  

that  causes  holes :  t h e  downrange guidance i s  s e n s i t i v e  

enough t o  be a b l e  t o  bias t h e  t r a j e c t o r y  e a r l y  i n  t h e  up- 

c o n t r o l  phase. A roll r e v e r s a l ,  which t h e  downrange guidance 

cannot t ake  account o f  i n  t r a j e c t o r y  p lanning ,  can compound 

t h e  e r ror .  F i n a l l y ,  clamp and ga in  l i m i t a t i o n s  i n  t h e  down- 

range guidance can prevent  i t s  subsequent response f rom be ing  

e f f e c t i v e .  
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6.  Recommendations 

The downrange guidance should be redes igned  to take 

a account of t h e  i n t e r a c t i o n  with c ros s range  due t o  roll r e v e r s a l .  

Shor t  of t h i s ,  i t  might be p o s s i b l e  to modify t h e  e x i s t i n g  

guidance by p r e d i c t i n g  when a roll r e v e r s a l  was going t o  occu r  

and what i t s  d i r e c t i o n  would be ,  and then  modifying t h e  c u r r e n t  

L/D t o  reduce the  e f f e c t  o f  r e v e r s a l .  

t o  be upwards, t he  p resen t  L/D would be reduced, for example. 

The amount of  mod i f i ca t ion  needed would have t o  be found by 

I f  t he  r e v e r s a l  were a 

experiment ,  bu t  a small change would be bound t o  h e l p .  

Such l a r g e  changes i n  the program are  probably 

i m p r a c t i c a l  f o r  e a r l y  Apollo missions.  For  them, some f u r t h e r  

pa t ches  can be made. The most e f f e c t i v e  would be t o  reduce 

i n t e r a c t i o n  by de lay ing  roll r e v e r s a l  u n t i l  t h e  d rag  i s  lower 

and t h e  p o t e n t i a l  f o r  downrange d i s t u r b a n c e  l e s s .  T h i s  could  

be done e i t h e r  by u s i n g  a lockingswitch based on drag  (as was 

done i n  t h e  AS-202 program, when i t  was c a l l e d  LATSW), o r . b y  

widening the  la te ra l  deadband. Both are about  e q u i v a l e n t f o r  

nominal azimuth ( t h e  s i t u a t i o n  where h o l e s  a r e  most l i k e l y ,  

f o r  roll r e v e r s a l  then  occurs  as e a r l y  as p o s s i b l e ) ,  bu t  t h e  

drag swi t ch  would be l e s s  a b l e  t o  deal  w i t h  a wrong i n i t i a l  

roll d i r e c t i o n ,  and i t  would probably be more d i f f i c u l t  t o  

a 

f i n d  a s u i t a b l e  drag  th re sho ld  than  l a t e r a l  deadband. Deadband 

i n c r e a s e  i s  t h e r e f o r e  recommended; i f  t h i s  would impai r  second 

e n t r y  c ros s range  c o n t r o l ,  a smal le r  deadband could be used 

du r ing  t h a t  p a r t  of t h e  f l i g h t .  Though experiment i s  needed, 

a rough e s t i m a t e  shows t h a t  t he  deadband can  be inc reased  



I cons ide rab ly .  Thus a t  e n t r y ,  t h e  azimuthal  c a p a b i l i t y  i s  

about  +6", bu t  t he  p r e s e n t  deadband i s  on ly  about  + 2 O .  A 

50% i n c r e a s e  (KLAT, say,  0 .02 )  t h e r e f o r e  seems p e r m i s s i b l e .  

A s m a l l e r  i n c r e a s e  (about  20%) would remove t h e  observed h o l e s .  

0 

It might h e l p  i n  gene ra l  t o  s i m p l i f y  t h e  program by 

removing t h e  LAD block i n  UPCONTROL, and r e p l a c i n g  t h e  (180" 

a u t o p i l o t  by an up i f  cpc up a u t o p i l o t .  

u n d e s i r a b l e  d i s t u r b a n c e  i n  r o l l  h i s t o r y ,  and t h e  second a 

p o s s i b l y  s e n s i t i v e l y  balanced choice  of  p a t h s .  I n  f a c t ,  bo th  

t h e  h o l e s  w e  have desc r ibed  would go away i f  t h e s e  two changes 

were made. 

The f i r s t  p r o v i d e s  an  0 

I f  i t  were n o t  p o s s i b l e  t o  change t h e  program a t  

a l l ,  roll r e v e r s a l  could s t i l l  be delayed by i n i t i a l l y  o f f -  

s e t t i n g  t h e  t r a j e c t o r y  i n  azimuth. T h i s  would n o t  b e  d e s i r a b l e  

as a permanent p r a c t i c e ,  however, as i t  would l e a v e  a gap i n  

t h e  middle of t he  c ross range  c a p a b i l i t y .  Another p o s s i b l e  

f i x  wi thout  changing t h e  guidance equa t ions  i s  t o  reduce ,  

range .  T h i s  would reduce the  s e n s i t i v i t y  of  range to t h e  

e x i t  cond i t ions ,  and a l low the  e x i t  guidance t o  do a b e t t e r  

j o b  s i n c e  l e s s  m o d i f i c a t i o n  of t h e  e x i t  guidance r e f e r e n c e  

t r a j e c t o r y  would be needed. 

6 s .  ?+ 
F. S. POOLEY 
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Table 1. Undershoot ho le :  V = 36133, R = 2500, L I D  = 0.34, 

y = -7 .o(Tra j .  l), - 7.005(Traj.  2 )  

L 

-123 

-153 

-183 

-213 

- 243 

-273 

-303 

Time f rom cp,, degrees cp, degrees 
en t ry ,  sec .  

Undershoot H i t  Undershoot H i t  
T r a j .  1. T r a j .  2 .  T r a j .  1. T r a j .  2 .  

UPCONTROL phase s tar ts  a t  74 sec .  

74 0 0 0 0 

76 0 0 0 0 

78 0 0 0 0 

80 0 0 0 0 

82 0 0 0 0 

84 - 90 - 90 0 0 

86 - 90 - 90 

88 - 90 - 90 

94 -93.3 -92.6 - 90 -90 

96 

98 
100 

102 

104 

106 

108 

110 

87.1 

80 

72 

15 

15 

15 

15 

15 

86.5 
84 

84 

85 

85 

85 
84 

82 

112 15 81 

-92.6 

27 

, ~~~ 57 

85 

84 

-333 J 82 
114 15 79 -345 81 



Table 2. Overshoot hole: V = 36333.6, R = 2500, L/D = 0.38, 

- 
-60 

-30 

0 

30 

60 

90, 

Time from 
entry, sec. 

71 

73 

75 

77 

79 

81 

83 

85 

87 

89 

91 

93 

95 

97 

99 

101 

103 

105 

107 

109 

111 

- 
-120 

-1 50 

-180 

-210 

-240 

-270 

-300 

-330- 

y = -7.13 

(P,, degrees 

Traj. 1. Traj. 2. Traj. 3. Traj. 1. 
Overshoot H i t  Hit Overshoot 

UPCONTROL phase starts at 71 sec. 

0 0 0 

0 0 0 

-20 -20 -20 

-45 -45 -45 

mJm) O ( W  -59 

-90 

-90 

-90 

-90 

90 

110 

111 

112 

112 

110 

105 

101 

97 

94 

91 

89 

-90 

-90 

-90 

-90 

-90 

-253 

-262 

-27 3 

-283 

-318 

-345 

-345 

-345 

-345 

-345 

-345 

-90 

-90 

-90 

90 

86 

89 

94 

9 
98 
95 

91 

88 

85 

83 

82 

81 

(p, degrees 

Traj. 3. 
Hit 

0 

0 

0 

-20 

-45 

-59 

-891 

-90 

-90 

-66 

-30 

0 

30 

60 

99 

95 

91 

88 

85 

83 

82 
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